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The invention concerns a stamping film for producing tamper-proof 
5 motor vehicle license piates comprising a carrier film and a transfer layer 
which is detachable therefrom and which can be fixed on a substrate of the 
motor vehicle license plate. That stamping film is a hot stamping film or a 

laminating ftSrn, 

The invention also concerns a tamper-proof motor vehicle license 

10 plate comprising a substrate on which a transfer layer of a stamping film of 
the above-specified kind is fixed. 

DE 43 13 519 C2 to the present applicants discloses a hot stamping 
film for the production of motor vehicle license plates which comprises a 
carrier film and a transfer layer which is detachable therefrom. The 

15 transfer layer includes - starting from the carrier film ■ a transparent 
protection lacquer layer, at least one colored lacquer iayer and a particular 
adhesive layer or an adhesive layer formed by the colored lacquer layer for 
fixing the transfer layer on a substrate which is to be decorated of the 
motor vehicle license piate, 

20 It is known for motor vehicle license piates to be produced using hot 

stamping films, wherein the foundation lacquer layer or the lacquer layer 
which differs therefrom with the maricings on the license plate, for example 
tetters, digits, coats of arms or the liice, are produced by means of single- 
color hot stamping film. License plates of that kind are distinguished in 

25 relation to other conventional license plates by great durability and also by 
virtue of the fact that It Is possible to avoid special safety measures during 
the manufacturing process because operation is not implemented with 
liquid lacquers. 

Having regard to the number of motor vehicle thefts, which is 
30 increasing greatly in recent times, and the forged license plates which are 
used in that case to a great extent, it is desirable to provide a stamping 
film which makes it possibie for the license piates to be provided with 
particular characters which make forgery more difficult, while in addition 
the aim should be to provide a possible way of establishing in a simple 



manner and by means of mechamcai devices whether a license pSate is a 
forged license piate or not, For that purpose above-mentioned DE 43 13 
519 C2 proposes providing between the protection lacquer layer and the at 
least one colored lacquer layer, at least in region- wise manner, a 
5 decoration lacquer iayer representing certain graphic elements, comprising 
a lacquer containing pigments which luminesce upon being irradiated with 
UV light. The protection lacquer layer and/or the decoration iacquer layer 
desirabiy contains additives acting as a UV absorber. The protection 
lacquer layer and/or the decoration lacquer iayer of that known hot 

10 stamping film preferably contains HALS stabilizers (''hindered amine light 
stabttfzer(s)")' the case of that known stamping film the decoration 
lacquer iayer is preferably applied in a printing process. 

WO 00/63030 discloses a method and an apparatus for printing road 
signs. That known method includes the foilowing method steps: reading in 

15 an originai in digital form of a traffic sign to be produced by means of a 
reading-in device and transferring the original to a printer, printing on a hot 
stamping film with the read-in original by means of the printer - preferably 
in mirror image- reversed relationship - on the surface of the hot stamping 
film which is coated with hot adhesive, feeding the printed hot stamping 

20 film to a laminating apparatus by means of a film guide and hot-laminating 
the printed hot stamping film onto a reflection film which is preferably 
applied by lamination to the front side of a substrate, that is to say a traffic 
sign blank, by means of the laminating apparatus, wherein the hot 
laminating step is preferably effected by means of hot stamping punches or 

25 by means of hot stamping rollers in point form or over an area. The 
operation of printing the original on the hot stamping film can be effected 
by means of a thermotransfer process, an electrostatic printing process or 
an Inkjet printing process in color and/or black/white. 

The apparatus for printing road signs in above-specified WO 

30 00/63030 includes the following components: a printer which is suitable for 
printing on a hot stamping fiim - in particular on the surface thereof which 
is coated with hot adhesive - , a reading-in apparatus which is connected to 
the printer and which is suitable for reading in an original of a road sign to 
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be produced, wherein the original is preferably in digital form, a laminating 
apparatus which is provided for hot iamination in area! or point form of the 
prmted hot stampmg film onto a reflection fiim which is preferably applied 
by lamination to a road sign blank - in particular by means of a hot 
5 stamping punch or by means of a hot stamping roiier - , a fiim guide which 
feeds the printed hot stamping film to the iaminatfng apparatus- The 
printer and the reading-in apparatus are appropriately connected to a 
computer-aided design station which is capable of producing originais for 
road signs by means of a suitable control program. The printer can be a 

10 thermotransfer printer, an eiectrostaticaiiy operating printer such as a iaser 
printer or an Inkjet printer. 

The object of the invention is to provide a stamping film of the kind 
set forth in the opening part of this specification, with which it is possible 
further to improve the tamperproofness of motor vehide license plates and 

15 to be able to comparatively easily produce a correspondingly tamper-proof 
motor vehide license plate. 

In accordance with the invention in regard to the stamping film that 
object is attained in that the transfer layer - starting from the carrier film - 
has a transparent release layer, an opaque decoration layer, a transparent 

20 protection layer, an optically variable layer, a reflection layer and an 
adhesive layer, wherein the decoration layer has mutually spaced areal 
interruptions at which the transparent protection layer adjoins the release 
layer and wherein the adhesive layer is provided for fixing the transfer 
layer to the substrate of the motor vehicle license plate. That object Is 

25 further attained by a tamper-proof motor vehicle license piate comprising a 
substrate on which a transfer layer of a stamping film is fixed, wherein the 
transfer layer has a transparent release layer, an opaque decoration layer, 
a transparent protection layer, an optically variable layer, a reflection layer 
and an adhesive layer, wherein the decoration layer has mutually spaced 

30 areal Interruptions at which the transparent protection layer adjoins the 
release layer and wherein the adhesive layer is provided for fixing the 
transfer layer to the substrate of the motor vehicle license plate. 
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In accordance with a preferred embodiment of the invention a 
colored layer which is preferably of an opaque nature is arranged between 
the reflection layer and the adhesive layer. The additional colored layer 
enhances the contrast of opticai effects produced by the opticaiiy variabie 
5 layer, improves the opacity of the graphic configurations shaped on the 
license plate by nneans of the stamping film and protects the reflection 
layer form the influences of the weather. Preferably in that respect a 
bonding layer is provided between the reflection layer and the colored layer 
in order to guarantee a long service life for the characters on the motor 

10 vehicle license plate even under extreme weather conditions. 

With the stamping film according to the invention it is also possible 
for the colored layer to have adhesive properties so that it is possible to 
dispense with a specific adhesive layer. 

In the stamping film according to the invention the areal 

15 interruptions in the opaque decoration layer can have a peripheral edge of 
a graphic configuration. The areal interruptions can reproduce for example 
a coat of arms, an article of the flora such as a palm or a tree, an article of 
the fauna such as an insect, an anima! or the like. That provides an 
additiona! security feature which is perceptibie to the viewer and which 

20 further improves the tamperp roof n ess of the motor vehicle license plate. 

The area! interruptions of the opaque decoration layer are of 
relatively smai! area dimensions. Those smai! area dimensions can be for 
example 20% of the opaque decoration iayer. Such smali area dimensions 
provide that the proportion of ifght which is diffracted or reflected by the 

25 stamping film does not result in the recognizability of the motor vehicle 
license plate being adversely affected. Particularly when being viewed from 
a relatively great distance, the motor vehicle license plate stii! remains 
recognizable equally well, but now it additionally has a further security 
feature which can be checked visually rapidly and with little effort. 

30 In accordance with the invention the optically variable layer can be a 

replication layer with a diffractive relief structure. The diffractive relief 
structure can form a 2D or 3D hologram. A stamping film according to the 
invention which is designed in that fashion has optimum properties in 
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regard to tarn per proof ness. A motor vehicie license plate produced which 
such a stamping fHm is consequently correspondingiy tamper-proof. 

It vviH be appreciated that it is aiso possible for another diffractive 
surface structure to be shaped into the replication layer^ which surface 
5 structure for example produces different images from different viewing 
angles. 

It is particularly advantageous in that respect for the diffractive refief 
structure used to be a relief structure which diffracts incident light directed 
in one or more directions. Relief structures of that l<ind can be formed for 

10 example by diffractive relief structures with an asymmetrical, for example 
triangular relief profile or by binary zero-order diffraction structures with 
corresponding properties. Suitable binary z;ero-order diffraction structures 
are described for example in WO 02/037145 A3. Diffractive reiief 
structures of that kind are now so adapted that they diffract the incident 

15 light in one or more directions from specular reflection so that, when 
viewed in specular refiection mode, none of the diffracted light or only a 
small part thereof is visible. The optically variable effect generated by the 
diffractive relief structure is accordingly not recognizabie or is oniy poorly 
recognizable in the specular reflection mode so that the recognizability of 

20 the motor vehicie license plate is not adversely affected by the diffractive 
relief structure, even when the areal interruptions occupy a relatively large 
proportion of the surface area. Under diffuse lighting the optical effect 
generated by the diffractive relief structure still remains clearly 
recognizable whereas in the case of directional lighting, for example in the 

25 case of a fiash photograph, the opaque appearance of the stamping film is 
not adversely affected. 

In the case of the stamping film according to the invention the 
optically variable layer may also have a macrostructure whose dimensions 
are > 0.4 mm and whose extreme value spacing is > O.i mm. A stamping 

30 film according to the invention of such a configuration provides an 
inexpensive security element having a novel optical effect, which forms a 
thin layer composite. The macrostructure is preferably an at least portion- 
wise steady and differentiatabie function of the co-ordinates (x, y), curved 
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at feast in partiai regions, and not a periodic trianguiar or rectangular 
function. In that case tiiere can be at least two adjacent surface elements, 
wherein one macrostructure is formed in the one surface portion and 
another macrostructure is formed in the other surface portion, wherem the 
5 gradients of the two macrostructures can be oriented in substantially 
parallel planes which contain a norma! to the reference plane. The 
macrostructure can be for example a periodic function with a spatial 
frequency of a maximum of 5 iines/mm. Likewise it is possible for the 
macrostructure to be a portion-wise steady and differentiatabie function of 

10 a surface structure of a reiief Image. A submicroscopic diffraction grating 
with a relief proftie can be additivety superimposed on the macrostructure, 
in which case the relief profile has a spatial frequency of preferably > 2400 
tines/mm and a constant profile depth of < 5 Mm and the diffraction grating 
following the macrostructure retains the predetermined relief profile, 

15 A light-scattering matt structure with a relief profile can also be 

additiveiy superimposed on the macrostructure, in which case the matt 
structure has a mean roughness value in the range of between 200 nm and 
5 ijm and the matt structure following the macrostructure retains the 
predetermined reiief proffie, 

20 In that respect however it is also possible for the macrostructure 

used to be an asymmetrica! macrostructure which reflects incident iight 
directed in one or more directions from specular reflection. 
Macrostructures of that i<ind can be formed for example by a periodic 
triangular function or by another portion-wise steady differentiatabie 

25 function which as far as possible has no area components in the plane 
defined by the stamping film. Equally the use of anisotropic matt 
structures affords advantages which aiso provide for such directed scatter 
of the incident light. Structures of that kind achieve the advantages which 
have already been set forth above, that the recognizabiiity of the motor 

30 vehicle license plate is not adversely affected by the optically variable layer. 

In the stamping film according to the invention the optically variable 
layer can further also have a nanotext which is recognizable only when 
viewed through a suitable auxiliary means (magnification instrument). The 
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nanotext can be generated for example by the combination of a matt 
structure with an asymmetrical achromatic structure (see above), by ettlier 
the pattern surface or the background surface of the nanotext being backed 
with one structure or the other. In that respect the dimensions of the 
5 fndividua! characters of the nanotext are in a range beSow the resolution 
capability of the human eye so that, to the naked eye of the viewer, in the 
region of the nanotext, the surface has a gray vaiue which depends on the 
ratio of the surface proportions of the two structures. In that case such a 
nanotext can be composed of individual numbers and letters and any 
10 graphic symbols, for example coats of arms or ptctograms. In that case the 
pattern and the background surface are respectively backed by different 
structures, for example a mirror structure, a matt structure, a diffractive 
structure, a thin-film structure or two different diffractive or thin-film 
structures. 

15 In accordance with a further preferred embodiment of the invention 

the optically variable layer has a pattern with first and second partial 
surfaces, wherein the first partial surfaces form background surfaces in the 
pattern and the second partial surfaces form pattern elements in the 
pattern. The first partial surfaces have mirror surfaces reflecting the 

20 incident iight or relief structures which directionaily diffract the incident 
light, as described above. The second partial surfaces have relief 
structures of a predetermined optically effective structural depth which are 
adapted as absorber surfaces for the incident light. Such a configuration in 
respect of the surface structure of the optically variable iayer provides that, 

25 in a given direction, the bright Nght which is diffracted or reflected at the 
first partial surfaces is present as a background surface in relation to the 
dark, light-absorbing pattern elements, and In other directions the intensity 
per unit of surface area of the light which is scattered in the background 
surface and in the pattern elements are approximately of equal magnitude 

30 so that there is no contrast between the background surface and the 
pattern elements. The pattern accordingly can be recognized only at one or 
more given viewing angies whereas at all other viewing angles the pattern 
cannot be recognized or can be recognized only with difficulty and the 
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optically variable layer acts substantiaily to absorb light. At all those 
further viewing angles therefore the stamping fiim has substantially Sight- 
absorbing properties so that, at those viewing angles, even when the 
interruptions of the opaque cover layer are of a large area, the 
5 arrangement guarantees very good recognizabiiity of the letters shaped on 
the motor vehicle license plate by means of the stamping film. A high 
degree of tamperproofness is accordingly achieved without the 
identfffcatfon function of the motor vehicle license piate being impaired in 
any way, 

10 It is possible in that respect for the first partial surfaces to be shaped 

in the form of flat mirror surfaces so that the pattern in reflected Sight has 
the intensive Sight mirror surfaces of the background surfaces and the dark 
absorbent pattern elements, and in directions other than that of the 
reflected light, the intensity per unit of surface area of the light which is 

15 scattered in the background surfaces and in the pattern elements are 
equally great so that there is no contrast between the background surfaces 
and the pattern elements. In addition it is also possibie for the first partial 
surfaces to be in the form of mirror surfaces which are inclined in one or 
more directions with respect to the piane defined by the stamping film and 

20 for directionally diffracting structures to be provided in the first partial 
surfaces, That provides that, in the direction of the light which is reflected 
at the piane, the intensity of the light scattered in the background surfaces 
and the light scattered in the pattern elements is of equal magnitude so 
that there is no contrast between the background surfaces and the pattern 

25 elements and, in one or more other directions, the intensive light mirror 
surfaces of the background surfaces and the dark iight-absorbent pattern 
elements are visible. 

In an angular range around specular reflection, which range is 
determined by the choice of the structures in the first partial surfaces, the 

30 optically variable layer accordingly acts as an opaque, light-absorbent 
element and has a marked pattern outside that angular range. 

The relief structures of the second partial surfaces preferably 
comprise a cross-grating which is composed of two base gratings which are 



arranged substantiaily in right-angled relationship with each other, with the 
periods (dx, dy). The periods (dx, dy) can be shorter than a predetermined 
limit wavelength of the visible iight It is desirable in that respect if at least 
one of the periods (dxv dy) is longer than half the limit waveiength but 
5 shorter than the limit wavelength. The limit wavelength is desirably 
selected to be in the range of between 380 nm and 420 nm. The optically 
effective structural depth of the relief structure in one of the pattern 
elements can be between 50 nm and 500 nm. 

In accordance with the invention another possibiHty provides that the 
10 optically variable layer is a thin-fiim element for producing color changes by 
interference. 

A thin-film element of that kind is preferably formed from an 
absorption layer and a spacer layer which satisfies the X,/4 condition. It is 
however also possible for a thin-film element of that kind to be made up of 

15 a plurality of high -refractive and low-refractive layers. The use of a thin- 
film element affords a high degree of tamperproofness as elements of that 
kind can only be manufactured with a high level of technological 
compiication and expenditure and the coior change represents an easily 
recognizable security element from the point of view of the viewer. 

20 In addition it is also possible for the optically variable iayer to have 

at least one poiarization iayer so that the tamper-proof motor vehicle 
license plate has a concealed security element which can be recognized by 
means of an analyzer. 

It wii! be appreciated that it is also possible for one or more of the 

25 above-described security features to be combined together in a stamping 
film according to the invention or in a tamper-proof motor vehicle license 
plate according to the invention, and for the opticaiiy variable layer thus to 
have for example both a diffrartive relief structure and also a plurality of 
thin-film layers and a polarization layer. 

30 In the stamping film according to the invention the reflection layer 

can be a metal thin layer. According to the invention it is also possible for 
the reflection layer to comprise a metal thin layer and at least one layer of 
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an inorganic dielectric. The stated inorganic dielectric can be for example 

2nS. 

The release layer and/or the decoration layer and/or the protection 
layer and/or the colored layer of the stamping film according to the 
5 invention desirably contams UV absorber and/or HALS stabilizer additives in 
order to inriprove the UV resistance of the stamping film and thus the 
tamper-proof motor vehicle license plate according to the invention which is 
produced with the stamping film according to the invention. 

The decoration iayer and/or the colored layer preferably contain 
10 amorphous carbon. 

Further details, features and advantages wii! be apparent from the 
description hereinafter of embodiments by way of example of the stamping 
film according to the invention, of which portions are diagrammatically 
shown in the drawings on a greatly eniarged scaie - not true to scale - . 
15 Figure 1 shows a sectionai view of a stamping film according to the 

invention. 

Figure 2a shows a diagrammatic view of a relief structure for the 
stamping film of Figure 1 for a first embodiment of the invention, 

Figure 2b shows a diagrammatic view of a relief structure for the 
20 stamping film of Figure i for a further embodiment of the invention, and 

Figure 2c shows a detail view of a partial relief structure used in the 
relief structures shown in Figures 2a and 2b. 

Figure 1 is a greatly enlarged diagrammatic view in section, not true 
to scale, tflustrating an embodiment of the stamping film 10 which ss 
25 provided for producing tamper-proof motor vehicle license plates and which 
is formed from a carrier film 12 and a transfer layer 14 which is detachable 
therefrom. The transfer layer 14 is reieasable from the carrier fiim 12 and 
can be fixed on a substrate of a motor vehicle license plate. That substrate 
is for example a sheet metal carrier provided with a retrorefiective coating. 
30 The transfer layer 14 - starting from the carrier film 12 - has a 

transparent release layer 16, an opaque decoration layer 18, a transparent 
protection iayer 20, an optically variable layer 22, a reflection layer 24, a 
bonding layer 26, a colored layer 28 and an adhesive layer 30. The 
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transfer layer 14 can be fixed on a substrate 32 of a motor vehicle license 
piate by means of the adhesive layer 30, A separation layer 34 is provided 
between the transfer layer 14 and the carrier film 12 to release the transfer 
layer 14 from the carrier fiim 12. 
5 The opaque decoration layer 18 has mutuaSiy spaced area! 

interruptions 36 at which the transparent protection layer 20 adjoins the 
release layer 16. The opticaiiy variable layer 22 is visible tiirough those 
area! interruptions 36 when the transfer layer 14 is removed from the 
carrier fiim 12 and fixed on the substrate 32, 

10 The carrier film 12 comprises a piastic material film of a thickness of 

between 4 and 75 pm. Preferably the carrier fiim comprises a PET film of a 
thickness of about 23 iim. The separation layer 34 for example of a 
thickness of between 0.01 iim and 0.5 m>^ is now appiied to the carrier film. 
The separation layer 34 is preferably a wax-tike layer which in the 

15 application operation, in particular in the hot stamping operation, due to 
the rise in temperature, permits the transfer layer to be easily detached 
from the carrier film. 

The layers of the transfer layer 14 are of the foHowing composition; 
The release iayer 16 - like the separation iayer 34 - on the one hand 

20 assists with easy detachment of the carrier film 12 from the transfer layer 
14 in the appifcation procedure, in particular in the (hot) stamping 
procedure. The release layer 16 has a surface nature which permits easy 
detachment of the carrier film from the transfer layer in the application 
procedure. In addition the release layer affords a protection function for 

25 the subjacent fiim body, and accordingly also performs the function of a 
protection layer. In particular the release layer 16 which is applied to the 
separation layer 34 over the full area involved in a thickness of between 
0.5 and 3 pm protects the transitions of the partial opaque decoration layer 
18 and the protection layer 20 in the region of the interruptions 36 from 

30 weather influences. 

Preferably in that respect the release layer 16 of the following 
composition is applied to the separation layer 34 over the full surface area 
involved in a layer thickness after drying of 1.15 pm: 
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Reiease layer ( 16 ): 
Methy! ethyl ketone 
Toluene 

Thermoplastic acrylate (d - about 1.18 g/ccm, 
Tq about 12i°C) 

HALS Stabilizer (tetranriethyl pipericjine derivative) 
UV absorber (benzotriazol derivative, 
density about 1.17 g/ccm) 
Dibuty! tin dilaurate 



29.00% 



50.00% 



18.50% 



0.50% 



1.00% 



1.00% 



The decoration iayer 18 is then applied in pattern form to the futf- 
area release layer 16 by means of a printing process, thus resulting in the 
pattern-form interruptions 36 indicated in the Figure. In that respect, as 
already described hereinbefore, the interruptions 36 are in the form of 
numbers, coats of arms and the tike and preferably cover a proportion of 
surface area of between 5 and 20% of the reiease layer 16. It is however 
also possible for the interruptions to involve a large proportion of surface 
area, for example 99%. As already mentioned hereinbefore the optimum 
proportion of surface area of the interruptions 36 in that respect ts 
determined both by the graphic configuration of the interruptions 36 and 
also by the nature and the properties of the subjacent optically variable 
layer 22. 

The decoration layer 18 forms an opaque iayer of a preferred 
thickness of between 1.0 and 3 pm. In that case the decoration iayer IS is 
preferably colored biack but it can also be colored in any other color, for 
example a red color, 

By way of example the decoration layer 18 is applied in pattern form 
to the release layer 16 in a thickness of 1.5 pm, of the following 
composition: 
Decoration iaver fl8): 

Methyl ethyl ketone 55.00% 
Cydohexanone 10.00% 
Dlacetone alcohol 8.00% 
Thermoplastic acryiate (d = about 1,13 g/ccm. 
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Tg about 82"C) 

Vinyl chiortde-vinyi aicohol-vtnyi acetate copolymer 

(d = about 1.39 g/ccm, Tg about S9"C) 

HALS stabilizer (tetramethyf piperidine derivative) 

UV absorber (benzottiazol detivative, 

density about 1,17 g/ccm) 

Carbon, amorphous (Pigment Biack 7) 



15.00% 



4.20% 



7.75% 



0.04% 



0.01% 



The protection iayer 20 is then applied over the full surface area to 
the film body consisting of the release iayer 16 and the decoration layer 18, 
more specifically in such a way that the interruptions 36 are preferably 
completely filled up. The protection iayer 20 is in that case preferably 
applied to the decoration layer 18 in a thickness of between 0,5 and 5 pm 
over the full area by means of a printing process. In that case the 
protection layer 20 protects the subjacent optically variable layer from 
weather influences. It is transparent so that the optically variable effect 
produced by the subjacent optically variable layer is visible. In that case 
the protection layer 20 can also be colored as long as it remains 
substantia liy transparent. 

The protection iayer 20 is thus applied to the opaque decoration 
layer 18, in a thickness of 2,5 pm, of the following composition: 
Protection iayer (20): 

Methyi ethyl ketone 36.20% 
Toluene 13.00% 
Butyi acetate 10.50% 
Ceffulose nitrate (iow viscosity, d = about 1,00 g/ccm, 
Ac - about 65%) 9.80% 
HALS stabilizer (tetramethyl piperidine derivative) 0.50% 
UV absorber (benzotriazol derivative, 

density about 1.17 g/ccm) 1.00% 
Melamine formaldehyde resin (d = about 0.9S g/ccm) 13.00% 
Hydroxyacryl resin (d = about 1.01 g/ccm, 

OH content about 4.5%) 15.00% 
Paratoluolsulfonic acid 1.00% 
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The optically variabie layer 22 is then applied to the protection layer 

20. 

In accordance with a preferred embodiment of the invention the 
optically variable layer 22 comprises a replication layer m which a surface 
5 structure is replicated. In this embodiment the layer 22 comprises a 
replication lacquer layer, for exanripie of a thermoplastic material or a UV 
replication lacquer. That replication lacquer layer is applied to the 
protection layer 20 for example by means of a screen printing roller in a 
layer thicicness of between 0.1 and 1.5 pm, dried and then processed by 
10 means of a replication tool. 

Thus for example a replication lacquer layer of a thickness of 0.8 pm 
of the following composition is applied to the protection layer 20: 
Optically variable layer (22): 

Ethyl acetate 44.70% 
15 Cyclohexanone 44.70% 
Polymethylmethacrylate (d = about 1.19 g/ccm, 
Tg = about 122°C) 6.10% 
Ceiiulose compound (d ^ about 1.20 g/ccm, 

softening range; 140 ~ 240"C) 4.50% 
20 Then a surface structure is embossed into the replication lacquer 

layer by means of an embossing tool under the influence of temperature 
and pressure. 

UV replication in which cross-lini<ing of the replication lacquer layer is 
effected by means of UV radiation is also possible, 

25 Both diffractive surface structures, for example a 2D/3D hologram, a 

macrostructure or a matt structure can be shaped into the replication 
lacquer iayer, as the surface structure. In accordance with a preferred 
embodiment of the invention in that case one of the following relief 
structures which are described with reference to Figures 2a through 2c Is 

30 shaped into the replication lacquer layer: 

Figure 2a shows a surface structure 3 which has first partial surfaces 
38 and second partial surfaces 37. A pattern acting as a security feature is 
now composed of first partial surfaces 38 and second partial surfaces 37, 
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wherein the first partial surfaces 3S form background surfaces and the 
second partial surfaces 37 form pattern elements. As shown in Figure 2a 
the relief structure 3 has a respective flat mfrror surface reflecting the 
incident light, in each of the first partial surfaces 38. A special relief 
5 structure which is provided as an absorber surface for the incident iight is 
shaped in the second partial surfaces 37. The possible construction of such 
a relief structure for absorbing the incident light is described hereinafter by 
way of example with reference to Figure 2c. 

Figure 2c shows a relief structure 5 which is formed by a cross- 

10 grating which is composed of two base gratings with periods of less than a 
limit wavelength X at the short-wave end in the spectrum of visible light, 
that is to say X ~ 318 nm through X - 420 nm. The relief structure 5 has 
an optically effective structural depth, namely the profile depth multiplied 
by the refractive Index of the replication lacquer layer, preferably in the 

15 range of between h ~ 50 nm and h ~ 500 nm. Such relief structures 
absorb almost all visible light which is incident on the second partial 
surfaces 37 and scatter a small fraction of the incident Sight back Into the 
haif-space above the second partial surfaces 37. The percentage of the 
absorbed iight is non -linearly dependent on the structuraf depth h and can 

20 be scattered at between 50% and about 99% by means of the selection of 
the structural depth h in the above-specified range. In this respect, the 
shallower the relief structure 5 is, the correspondingly more incident iight is 
scattered back and accordingly correspondingly less light is absorbed. The 
configuration of the relief structure 5 shown in Figure 2c is formed by a 

25 cross-grating formed from two mutually crossing sinusoidal base gratings. 
The sine function of the first base grating, which extends along the co- 
ordinate X, is of a period d^ and an amplitude h^, while the sine function of 
the second base grating, which extends along the co-ordinate y, is of a 
period dy and an amplitude hy. Over the plane defined by the co-ordinates 

30 X and y the boundary surface h (of x, y) formed by the cross-grating 
follows for example the function; 

h(x,x) ^ P\ +h,3 . Sfn^(sx/d,). sin^(j:y/d^) 
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In other embodiments it is aiso possible to use rectangular or 
pyramida! structures as functions for the base gratings. 

The Sight which is mctdent on the relief structure 3 is reflected at the 
first partial surfaces 38 which are shaped in the form of flat mirror surfaces, 
5 in accordance with the plane defined by tiie stamping film, so that in the 
specular reflection mode the intensively Nght mirror surfaces of the first 
partial surfaces 38 are visible against the background of the dark, Hght- 
absorbing second partial surfaces 37. In the directions other than that of 
the reflected light, the intensity per unit of surface area of the light 

10 scattered at the first partial surfaces 38 and that of the light scattered into 
the half-space over the second partial surfaces 37 are equal so that no 
contrast between the first and second partial surfaces 38 and 37 is visible. 

The relief structure 4 shown in Figure 2b has first partial surfaces 42 
and 43 and second partial surfaces 41, The second partial surfaces 4i are 

15 shaped In accordance with the relief structure 5 and thus absorb the 
incident light. The partial surfaces 42 have mirror surfaces which are 
somewhat inclined with respect to the plane defined by the stamping film 
so that they reflect towards the left, light which Is incident perpendicularly 
to the plane. The partial surfaces 43 have mirror surfaces which are 

20 inclined with respect to the plane defined by the stamping film in such a 
way that they reflect towards the right Sight which is incident 
perpendicuiariy to that plane. AccordingSy, in the direction of specular 
refSection of the pSane defined by the stamping film, the intensity of the 
light scattered at the partia! surfaces 42 and 43 is equal to the intensity of 

25 the light scattered into the haif-space over the partial surfaces 41. 
AccordingSy, in that direction, there is no contrast between the first and 
second partial surfaces, and no pattern is visible. In the directions away 
from that specular reflection, such directions being determined by the 
inclination of the partial surfaces 42, the Intensive tight mirror surfaces of 

30 the partia! surfaces 42 and 43 respectively are visible against the dark, 
light-absorbing partial surfaces 41 so that the pattern is clearly 
recognizable. 
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It is further possible to use a thin-film layer eiement as the optically 
variable layer. A thin-film layer element of that kind comprises an 
adsorption layer (preferably with between 30 and 60% transmission) and a 
transparent spacer layer as a color change-producing layer (X/4 iayer). It 
5 is further possibie to construct a thin-film element from a succession of 
high-refractive and low -refractive layers. For example the thin-film 
eiement can be made up from between three and nine sucii iayers (odd 
number of tiiln-film iayers) or between two and ten such layers (even 
number of thin-ftim layers). The greater the number of iayers, the 
10 correspondingly sharper is it possible to set the wavelength for the coior 
change effect. 

Examples of usual layer thicknesses for the individual layers of a 
thin-fiim element and examples of materials which in principle can be used 
for the layers of such a thin-fiim element are disclosed for example in WO 

15 01/0345, page 5, line 30 through page 8, line S. 

In addition it is also possible to use a polarization layer as the 
optically variable layer, A polarization layer of that kind is constructed for 
example from a layer of oriented and cross-itnked liquid crystal material. 

It will be appreciated that it is also possible for the optically variable 

20 layer 22 to be constructed from a combination of the layers listed 
hereinbefore for the opticaliy variable layer 22, 

The refiection layer 24 is then applied over the fui! surface area to 
the optically variable layer 22. Preferably the reflection iayer 24 comprises 
a thin vapor-deposited metal layer. Materials that are considered for that 

25 metal layer are essentially chromium, aluminum, copper, iron, niclcel, 
silver, gold or an alloy with those materials. In addition it is also possible 
for the reflection layer 24 to comprise a thin dielectric layer of an HRI- 
materlal or an LRI-materia! (HRI = high refraction index; LRI = low 
refraction index). A bonding layer 26 is then preferably applied in a 

30 thickness of between 0.1 and 1.0 pm to the reflection layer 24. Thus for 
example, as the bonding layer, it is possible to apply a layer of the 
following composition, of a thickness of 0.2 pm, to the refiection iayer 24: 
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Bonding la yer (26): 
Methy! ethyl ketone 
Toluene 



45.00% 



35.00% 



Ethanol 



15.00% 



Vinyl ch!oride-viny! acetate copolymer 
(d = about 1.21 g/ccm) 
Dlbuty! tin dilaurate 



4.90% 



0.10% 



The colored iayer 28 is then applied over the full surface area, 
preferably in a thickness of between 1 and 5 ^sm. In that case the colored 
layer 28 is preferably coiored in the same manner as the decoration layer 
18, for example by means of a biack pigment. Thus for example a coiored 
layer is applied in a thickness of 2 pm, of the foiiowing composition, to the 
bonding layer 26: 
Colored layer (28): 

Methy! ethyl ketone 66.00% 
Thermoplastic acryiate (d = about 1.13 g/ccm, 

Tg about 82T) 17.50% 
HALS stabilizer (tetramethyl pipertdtne derivative) 0.10% 
UV absorber (benzotriazol derivative, 

density about 1.17 g/ccm) 0.40% 
High-mo!ecu!ar poiyurethane resin (d = about 0.95 g/ccm) 1,50% 
Carbon, amorphous (Pigment Black 7) 14.50% 

The adhesive layer 30 is then applied in a thickness of between 0.5 
and 5 pm to the coiored iayer 28. The adhesive layer 30 is preferably an 
adhesive layer comprising a thermaily activatabfe adhesive. 
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